Abstract. Multimedia applications in wireless sensor networks (WMSN) have stringent quality of service (QoS) requirements. In this paper, we study image quality distortions due to packet losses in multi hop WMSN. An experimental simulation and real testbed environment has been setup to estimate the quality of the test images over 30,000 transmissions. Two scenarios are considered: in the first scenario, images are watermarked with their replicas at the source node and an error concealment (EC) algorithm is employed at the sink. In the second scenario, raw images are transmitted without any encoding. The empirical results have revealed that there is a strong correlation between Peak-SignalTo-Noise-Ratio (PSNR) values of the distorted images and packet loss rate of the transmission route (PER). Moreover, the relationship is linear when EC technique is used with an achievement over 25dB PSNR for PER less than 0.6. This correlation is useful when designing QoS based transport schemes.
Introduction
With the wireless multimedia sensor networks coming of age, a new field of research is to investigate the use of multimedia sensors to monitor and transmit data in the form of image, video and audio. That is, many applications necessitate efficient multimedia communication in sensor networks [1] . Due to strict energy constraints of sensor nodes, majority of the studies are focused on energy efficiency [2, 3, 4, 5, 6, 7, 5, 8, 9, 10] . In [8] , the authors present energy cost comparisons associated with transmission of raw and jpeg compressed images for a variety of processor-radio combinations. Their results show that depending on the processor-radio combination, both compressed and uncompressed image transmission schemes may be among the most energy and time efficient options. Moreover, works in [11] demonstrate that the complexity of popular image compression algorithms may lead to greater energy consumption than the transmission of the uncompressed image.
When transmitting images over WMSN the quality is constrained by packet losses due to failures and transmission errors. Even more, cumulative packet loss rate grows exponentially with respect to number of hops in multi hop settings. Packet loss tolerance of an image coded with classical compression algorithms (e.g., JPEG, JPEG2000, SPIHT) is very low [9] . Hence, in order to achieve required perceptual quality, reliable transport protocols, such as ARQ [12] or FEC [13] are needed at the intermediate nodes to deal with packet losses [14] . However, these transport schemes may not be suitable for WMSN due to their consequent delay and additional resource requirements. In this respect, error concealment (EC) approach has received particular attention as an effective mechanism that reconstructs the distorted multimedia data as closely as the original one without increasing the bandwidth demand as well as avoiding the burden of retransmissions and consequent delay [15] . Consequently, EC algorithms are promising candidates to alleviate packet losses due to errors and failures in WMSNs. In [16], we have shown that EC algorithm gives better delay and processing performance than FEC and ARQ methods in WMSN.
In this work, we elaborate on the effectiveness of the error concealment technique for the estimation of image quality in terms of PSNR. In spite of many studies related to energy efficiency, to the best of our knowledge, image quality performance and the impact of multi hop in WMSN is not well studied in the literature.
PSNR is a full reference metric which identifies the degree of distortions in an image by comparing the pixel values with the corresponding values in the original image. However, in networked multimedia applications, in order to measure the quality of the transmitted image, the original may not be available for referencing at the sink. The motivation behind this study is to find a correlation between a measurable network parameter; ie. dropped packets rate; and the PSNR value of the transmitted image so that the quality can be estimated at the sink.
A comprehensive set of simulations are carried out in two different settings; In the first setting, the EC algorithm is used for quality enhancement. In the second, raw images are simply transmitted without any encoding. The performance of these schemes is analyzed for singlepath and disjoint multipath transmission scenarios. The simulation results are also validated in a real testbed, which is shown in Figure 2 .
The results indicate that there is a promising theoretical relationship between cumulative packet loss rate (PER) over the transmission path and the quality of the degraded image in terms of PSNR. Moreover, PSNR values are linearly correlated with PER when EC technique is used. Since mapping an application quality metric to a network parameter is useful when designing QoS algorithms, we believe that this relationship is worth for further investigation. The rest of the paper is organized as follows: Section 2 introduces the system model and the EC algorithm. Section 3 gives the analysis of transmission schemes in terms of
